SUMMARY. Research Philosophy and
Methodology (RPM) is a core course designed for postgraduate students studying horticulture at the University of Western Sydney Hawkesbury. This course has two aims. First, RPM introduces the different paradigms found within science to students, and develops their understanding of different approaches to problem solving and extending knowledge. Second, RPM encourages an exploration of different forms of expression used within science and provides students with opportunities to practice communicating their ideas through written and oral presentations. It is intended that students will complete this course with a deeper understanding of how science is conducted and communicated. S tudents are often convinced that research is about being at the laboratory bench and that becoming a leading scientist only requires a good background in their discipline and the technical skills required for experimentation. What many students fail to realize, and similarly what many science faculties fail to acknowledge, is that science is as much about language and communication as test tubes and beakers, and that a discovery is not part of science until it has been transmitted to and discussed by the scientific community.
It has been stated that "language is second to none in importance among scientific tools" as scientists are primarily writing for others (Lipton, 1998) . This has been recognized by government bodies and employers in Australia (Higher Education Council, 1992) who have identified the ability to communicate as being among the most important of the generic, transferable skills that a university education should aim to develop in its graduates. Despite this, although universities may be adept at training students to be technically proficient, arguably little attention has been paid to developing students' communications skills as an integral part of the university science curriculum. Instead, this responsibility is usually left to the enthusiasm of individual graduate advisers. With a few exceptions, such as that described by Decoteau (1997) , this description seems to hold true for graduate education for horticulture students.
The University of Western Sydney Hawkesbury (UWSH) has one of the largest groups of postgraduate students studying horticulture in Australasia. These students generally find employment in the horticultural industry, continue in academic work, or pursue higher degree study. Whatever the career path, effective communication skills are fundamental to their success. For this reason, we feel it is imperative that our degree programs produce graduates who are both technically skilled and capable communicators. To achieve this objective, we have developed a curriculum component that explicitly encourages better communication skills within the context of horticultural discourse: Research Philosophy and Methodology (RPM), a core course for postgraduate students. This course has resulted from a close cooperation among scientists from the Centre for Horticulture and Plant Sciences and educational developers from the Centre for Higher Education Development. Such a collaboration in curriculum design and implementation is increasingly being recognized as an effective means to increase students' literacy development and achievement in academic study (Webb et al., 1995) .
RPM is taken by students who are studying for the degrees of Bachelor of Horticultural Science (Honours), Master of Horticulture or Graduate Diploma in Horticulture. These are yearlong programs that consist of a mixture of core and elective courses, together with a research component. These degrees attract students from many parts of the world, particularly South East Asian countries, so typically English is not the first language for one fourth of those enrolled. RPM is run as thirteen 3-h seminar sessions and constitutes one-eighth of these degree programs. The course is taken during a student's first semester so that the skills learned may be applied to other courses.
The structure of RPM and its associated assessment tasks have many similarities with Decoteau (1997) , in that students are immersed in the processes of communicating within the research genres of horticulture, as if in University of Western Sydney Hawkesbury, Richmond, NSW 2753, Australia.
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Centre for Higher Education Development. the role of practicing scientists. However, RPM is distinctive because of the emphasis placed on the systematic relationships between scientific knowledge and the processes for extending that knowledge, and the language used by scientists when representing such knowledge through defending their methods and results and critically appraising those of others. These relationships are manifest in the texts that emerge from scientific work, and it is through the linguistic deconstruction and production of such texts that we examine the link between knowledge and language.
Course content
The aims of RPM are explicitly concerned with highlighting the links between horticultural knowledge and research processes, and the communication of that knowledge through language. The course covers two broad topic areas: the philosophy of science and scientific knowledge and its representation in language. The first category addresses issues of research, the ideas of key philosophers of science, and the processes involved with empirical research. The study of research philosophy continues on a more informal basis with presentations from senior researchers invited from the Sydney region. These speakers are asked to discuss their views on science, how they approach research problems, what they like and dislike about research, what motivates them, and why they embarked on a research career. Current PhD students also participate in these sessions to give a research student perspective. These presentations introduce the various ways of knowing and forms of knowledge found in different research paradigms, and what is offered by a career in research.
Within the language and communication content, elements of horticultural discourse are examined in detail to identify the characteristics of effective and ineffective communication. Figure 1 outlines our strategy to intersperse language and communication throughout the subject providing the mechanism for interweaving horticultural knowledge, research processes, and their representation in written and spoken genres. The fundamental key to examining the link between knowledge and language is our emphasis on writing in science. Writing is important as the means of discovery of knowledge, since it is through reading and writing that scientists clarify and consolidate their personal understanding about phenomena. The iterative process of drafting and redrafting that constitutes written communication helps writers to gradually uncover their intended meaning and thereby come to a deeper insight into what they mean. Writing also functions to communicate knowledge to others, and it is only through the written word (conventional and electronic) that we have access to the accumulated knowledge of centuries of science. Not until scientific discoveries are communicated in writing can they be acknowledged and accepted by the scientific community, and students learn it is a responsibility of scientists to write. Writing may also be considered the currency of scientific knowledge, played out in the employment market where curricula vitae are pitted against each other, and in the research arena when institutions give evidence of their productivity.
To reveal to students the characteristics of effective scientific discourse, the 3-h weekly seminar classes are conducted as hands-on workshops. This allows students to examine specific pieces of written text in horticulture from the point of view of how they are structured and developed to achieve these broader social purposes outlined above, as well as the particular purposes relevant to the topic of the paper. In the first seminar, for example, examination of the overall structure of scientific journal articles presents students with a generic framework for the introduction to a research paper, or indeed a research proposal, grant application, and so on. Figure 2 outlines the four main structural stages typically found in research papers (Murison and Webb, 1991) that convey the logic for doing the research. Students are then asked to read the introduction to a particular journal article to test whether it follows this format, and to evaluate how effectively the argument justifies the research. This example text (van der Heyden et al., 1997) , like many others exploited in the course, was selected because it was written by staff and research students in the Centre for Horticulture and Plant Sciences, and thus gives evidence to our new graduate students of the collegial and supportive research culture developed in the centre.
In the fifth seminar, the literature review is used to highlight the link between scientific knowledge and the community of scholars. Students are invited to consider the different purposes for reviewing literature, and their input is drawn together in a framework that presents these purposes along a continuum from science student and novice researcher through to expert (Fig. 3) . The discussion then focuses on the types and levels of literature reviews and their associated organizational formats (Fig. 4) , and again students are invited to examine example texts. One such example, an excerpt 
SEMINAR 1
Overview of course content and assessment tasks, development of critical reading skills, structure of a scientific paper, structure of an abstract.
SEMINAR 2
Library tour: Use of electronic database systems (SSI, Agricola, CAB, and others), search techniques.
SEMINAR 3
The Philosophy of Science: What is science? Introduction to the ideas of Karl Popper, Thomas Khun, and others; the importance of communication in science.
SEMINAR 4
The Language of Science: Key linguistic features of scientific communication in terms of its different purposes and different audiences.
SEMINAR 5
Scientific Knowledge and the Community of Scholars: Reading and writing literature reviews; citation practices.
SEMINAR 6
Scientific Fact and Argument: Reading and writing methods and results sections; reading and writing discussions.
SEMINAR 7
Public Speaking: Methods for overcoming nervousness; techniques for making oral presentations, the 'Roman Room' memory aid. SEMINARS 8-10 Research Methodologies and Philosophies: Personal opinions on research given by scientists from the Sydney region. SEMINARS 11-13 Students' oral presentations-15 minutes plus 5 minutes for questions.
from the literature review section of a PhD thesis, is shown first in its preliminary draft form. This draft typifies the weakness of many literature reviews in resembling simply an annotated bibliography with each paragraph summarizing a different piece of research from within its own frame of reference, and with little overall coherence and relationship to the author's thesis. Students are then provided with the adviser's feedback on this draft, and the subsequent reworked redraft that better reflects the pertinence and significance of each citation.
Tracing a text's evolution, from early draft to published form, is a valuable means of engaging students in the necessary process of drafting and redrafting to incorporate the feedback of a collegial scientific community. Rather than denigrating early drafts of writing for their inadequacies, we consciously accord them value as essential steps in the complex process of developing a piece of writing. In the case of the literature review, for example, it is considered to be an essential first step that an annotated bibliography is written so that the researcher can clarify and consolidate his or her own understanding of previous work. The more demanding and critical part of the process, however, is to assess the significance of what others have found, and to use this process to justify the intentions of one's own research, and one's approaches, tools and methods for carrying out the research. The com- Fig. 2 . Stages in the logical argument used in grant applications and scientific papers or to justify proposed or completed research (adapted from Murison and Webb, 1991) . These stages provide students with a generic framework for their own writing and for the evaluation of the arguments used by other authors to justify their research.
parison is summed up as a What? versus So what? distinction, and the profound implications of this distinction for how a literature review is organized and sequenced are emphasized.
As part of the seminar on literature reviews, an overview is given of techniques in scientific citation. Rather than merely outlining the technical aspects of scholarly referencing, a parallel emphasis is placed on the philosophical and ethical reasons for referencing, and the linguistic choices available to achieve different purposes in acknowledging the work of others. The educational goal is to expose students to the way that scientific knowledge develops through incremental advances, each advance acknowledging its debt to the preceding research. Again, examples of scientific writing are deconstructed and manipulated to illustrate the way that language shapes, and is shaped by, the construction of meaning. Issues such as intellectual property and plagiarism, knowledge and truth claims, scholarly convention and the conventions of particular forms of publication, and textual cohesion, are canvassed in these discussions. For example, in the following variously reworked clause adapted from a published journal article, we ask students to consider the effects of different wordings of essentially the same material. a) The original sentence (as appears in Gifford and Evans, 1981) : "Variation in ribulose bisphos-phate carboxylase (RuBPC) in C 3 species has often been found to correlate with leaf CER (Randall et al., 1977) ." Fig. 3 . Different purposes for reviewing literature during an individuals development from science student to expert researcher. These literature reviews are used to highlight the link between scientific knowledge and the community of scholars.
In this sentence, the message is about the relationship between the two phenomena, but represented as a qualified statement of what the cited researchers found, in a way that leaves the statement open to challenge. b) First redrafting of the sentence:
"Variation in ribulose bisphosphate carboxylase (RuBPC) in C 3 species correlates with leaf CER (Randall et al., 1977) ." In this redraft, the message has been represented as a fact, in a way that does not invite the fact to be challenged. c) Second redrafting of the sentence:
" Randall et al. (1977) claimed that variation in ribulose bisphosphate carboxylase (RuBPC), in C 3 species, correlates with leaf CER." In this redraft, the researchers themselves have been put under the spotlight, unlike the previous drafts in which they were tucked away in parenthesis. The emphasis in the message is on the claim of a relationship between the phenomena. The message is highly speculative and inviting of challenge. In this way, by focusing on the reasoning underlying the presentation of citations, students are confronted with the palpable evidence of the links between the way scientific knowledge is conducted and constructed, and the way language is used to represent these meanings.
Student assessment
Students are assessed through a range of tasks aimed at putting into practice different forms of scientific communication.
ASSIGNMENT 1. Based on the content of the first seminar, students are provided with a manuscript from which the abstract has been removed. After critically reading the manuscript and becoming familiar with the research it presents, the students are asked to write the abstract. The assignment aims to develop clear, concise, and structured writing and is assigned early in the course to detect any specific difficulties that students may be experiencing in academic writing. Students whose writing gives evidence of inadequacies in basic literacy skills are provided with more detailed feedback and encouraged to participate in individual or group adjunct tutorials, conducted by staff from the Centre for Higher Education Development.
ASSIGNMENT 2. As many of our students find employment in the horticultural industry, they are often required to write articles for farmer groups or agricultural magazines. This requires a less formal writing style than is used in science and their second assignment gives them the opportunity to develop skills in this area. Students are asked to choose a major advance in science, such as the theory of evolution or the discovery of black holes, and produce a short piece in the form of an article for a magazine like Scientific American or New Scientist. In addition to the development of their writing skills, students are also introduced to the nature of discoveries as they are required to draw out the sociocultural context in which the discovery was made and the philosophy of the researchers associated with the event. The work for this assignment also forms the basis for Assignment 5.
ASSIGNMENT 3. This assignment builds on the information given to students on data retrieval by our library staff and aims at promoting the skills required to produce a literature review. The students develop a number of key words relating to a research area of interest which they use to search electronic database systems. With references amassed, students are asked to imagine that they have to write a review article, using these references to produce an annotated review structure.
ASSIGNMENT 4. The fourth task requires students to draw connections among all the language and communication skills seminars, and places each student in the position of being a journal referee. The students are provided with two authentic manuscripts submitted for publication (the details of the authors are withheld) which they have to critique. Students must write a report to the authors of each manuscript stating whether the manuscripts are suitable for publication, along with specific recommendations for improvement. Manuscripts must be assessed in terms of the following criteria: summary concisely covers the work presented; the introduction sets the work into context; the work could be repeated based on the information given in the materials and methods; the data are clearly presented and interpreted; and the references are cited appropriately and correctly.
ASSIGNMENT 5. The last task is based on a fifteen minute oral presentation about the material collected during the second assignment and is assessed in two parts. Firstly, students are placed in small peer groups to which they give their presentation, after which each group member provides a written critique. A second, formal presentation is given to the class as a whole which is assessed by staff members. This system of assessment allows students to practice their presentations in the less threatening environment of a small group prior to the more formal presentation, and provides them with a number of independent sources of feedback.
Future of the subject
Since this subject was conceived in 1992, it has changed and evolved each year; we expect this process to continue. Regular informal feedback is sought from students throughout the semester and is complemented by a formal questionnaire towards the end of the course. The questionnaire has indicated that RPM is well received by our students with this comment coming from one of our home students: "(RPM is a) valuable exercise that will enable me to complete my studies in a more professional manner."
One of our overseas students wrote: "I am now more aware about my language; scientific language is different from the way we write back home."
This highlights the additional communication difficulties experienced by overseas students, who not only have the technical problems associated with learning through a foreign language, but also have to adopt different forms of expression for scientific communication. All students have found that this course has not only improved their writing skills but has also helped them absorb information from journal articles. Most students requested more practice with their writing and wanted even more emphasis on language structure. Currently, RPM is only offered to students in structured coursework programs, but it is hoped that it will become an integral part of the study programs for PhD and Masters (Honors) students. It is also intended to incorporate a more formal process of assessing students, precourse and postcourse, to ascertain more objectively whether communications skills have improved.
